Abstract In this paper the Sumudu transforms of Hilfer-Prabhakar fractional derivative and regularized version of Hilfer-Prabhakar fractional derivative are obtained. These results are used to obtain relation between them involving MittagLeffler function. Also these results are applied to solve some problems in physics. Here the solutions of problems involving Hilfer-Prabhakar fractional derivative and regularized version of Hilfer-Prabhakar fractional derivative are obtained by using Fourier and Sumudu transform techniques.
Introduction
The concept of integral transforms is originated from the Fourier integral formula. The importance of integral transforms is that they provide powerful operational method for solving initial and boundary value problems. The operational calculus of integral transform is used to solve the differential and integral equations arising in applied mathematics, mathematical physics and Engineering science. K. S. Miller, B. Ross, Podlubny Igor, A. A. Kilbas, J. J. trujillo used Laplace transform approach to solve Cauchy type fractional differential equations and F. Mainardi solved the viscoelastic problems by Laplace techniques. Recently, Watugala G. K. [5] introduced a new integral transform in 1990 known as Sumudu transform. Watugala G. K. solved fractional differential equations by using Sumudu transform techniques.
The Prabhakar integral [3] is defined by modifying Riemann-Liouville integral operator by extending its kernel with a three-parameter Mittag-Leffler function. The Hilfer-Prabhakar fractional derivative and its Caputo like regularized counterpart were first introduced in [4] . In this paper the Sumudu transforms of Hilfer-Prabhakar fractional derivative and regularized version of Hilfer-Prabhakar fractional derivative are obtained. These results are used to obtain relation between them involving Mittag-Leffler function and it is also used to obtain the solutions of non-homogeneous Cauchy type fractional differential equations [4] in which Hilfer-Prabhakar fractional derivative and regularized version of Hilfer-Prabhakar fractional derivative are involved.
Preliminaries
In this section we gives some definitions, theorems and lemma, which are used in the paper. Definition 2.1 [5] Consider a set A defined as,
For all real t ≥ 0 the Sumudu transform of function f (t) ∈ A is defined as,
and is denoted by
The function f (t) in (2.1) is called inverse Sumudu transform of F (u) and is denoted by,
and the inversion formula for Sumudu transform is given by [5] , 
for α, β, γ ∈ C and Re(α) > 0.
Let f (x) be a function defined on (−∞, ∞) and be piecewise continuous in each finite partial interval and absolutely integrable in (−∞, ∞) then
is called Fourier transform of f (x) and is denoted by
The function f (x) called the inverse Fourier transform of f (p), is defined as
The prabhakar integral is defined as,
where * denote the convolution operation; ρ, µ, ω, γ ∈ C; Re(ρ), Re(µ) > 0 and
For n ∈ N, we denote by AC 
where γ, ω ∈ R, ρ > 0 and E
In order to consider the Cauchy problems in which initial condition depending only on the function and its integer-order derivative, we use the regularized version of Hilfer-Prabhakar fractional derivative defined as below.
and G(u) be Sumudu transforms of f (t) and g(t) respectively. The Sumudu transforms of convolution of f and g is 
Proof: Taking Sumudu transform of Hilfer-Prabhakar fractional derivative (2.10) and using (2.8), (2.9), (2.13) and (2.14), we have,
Thus we get the required result (3.1).
Lemma 3.2
The Sumudu transforms of the regularized version of Hilfer-Prabhakar fractional derivative (2.11) of order µ is,
Proof: Taking Sumudu transforms of regularized version of Hilfer-Prabhakar fractional derivative (2.11) of order µ and using (2.8), (2.9), (2.13) and (2.14). We have,
Thus we get the required result (3.2).
Alternating Proof of Lemma (3.2): Taking Sumudu transforms of regularized version of Hilfer-Prabhakar fractional derivative (2.12) of order µ and using (2.8), (2.9), (2.13), (2.14). We have,
Observing that for absolutely continuous function
then the result (3.1) becomes,
Substituting this value (3.4) in (3.2), we get,
taking inverse Sumudu transform of (3.5), we get the relation between Hilfer-Prabhakar fractional derivative and regularized version of Hilfer-Prabhakar fractional derivative in terms of Mittag-leffter function as below, 
Proof: Let Y (u) and F (u) denote the Sumudu transform of y(x) and f (x) respectively, Now taking Sumudu transform of (4.1) and using (2.8), (2.9), (2.13), we get
From (2.14),(3.1) and (4.2), we get,
Taking inverse Sumudu transform on both side of above equation, we get the required solution (4.3).
Theorem 4.2 The solution of Cauchy problem
Proof: Taking Sumudu transform of (4.4) with respect to t and using (3.2) and (4.5).
Taking inverse Sumudu transform on both side of above equation, we get the required solution (4.6).
Theorem 4.3 The solution of Cauchy problem
(4.10)
Proof: Let u(x, q) denote the Sumudu transform of u(x, t) and u(p, t) denote the Fourier transform of u(x, t). Taking Fourier-Sumudu transform of (4.7) and using (3.1), (4.8), (4.9) we get,
Taking inverse Fourier transform of above equation (4.11) we get,
Taking inverse Sumudu transform of above equation (4.12), we get the required solution (4.10). Proof: Let u(x, q) denote the Sumudu transform of u(x, t) and u(p, t) denote the Fourier transform of u(x, t). Now taking Fourier-Sumudu transform of (4.13) and using (3.2), (4.14), (4.15) we get,
Taking inverse Fourier transform of (4.17) , we get, u(x, q) = 1 2π ∞ −∞ dp e ipx g(p)
Taking inverse Sumudu transform of (4.18), we get required solution (4.16).
